Introduction
Circulation on the outer continental shelf is driven mainly by forcing from the deep ocean. Many shelf circulation models that examine offshore influence have used periodic forcing at some point seaward of the shelf break [Welsh, 1986] . In fact, numerical solutions of free shelf waves often exploit the fact that periodic forcing offshore excites resonance in pressure over the shelf at the various shelf wave modal frequencies [Chapman and Brink, 1987] . Others have used specified sea level gradients at the shelf break in simple geometries to get analytical solutions of the shelf flow [Csanady, 1978; Middleton, 1987] . However, in all of these models the offshore pressure is prescribed and the pressure distribution on the shelf is solved with respect to the predetermined pressure forcing.
A notable exception is the work by Chapman [1986] , where a steady state, frictional, barotropic flow model over a continental shelf and slope is constructed with a shelf flow specified at some "initial" point along the shelf while keeping the deep ocean at rest. The structure of this steady state flow is exam- A primary goal of the present study is to understand the dynamics of this onshore flow or, in other words, to understand the dynamics of the decaying high-pressure tongue along the shelf break. This endeavor involves examining the evolving interrelationship between the shelf and oceanic pressure fields along the shelf break. To the lowest order, the West Florida Slope acts as an insulator to the oceanic pressure influence and may be considered a vertical wall. It is the departure from this idealization that allows interaction between the shelf and oceanic flow.
Outline
In section 2 we discuss in detail the particular situation on the WFS and the motivation for the mathematical model presented in section 4 through two numerical experiments. In section 3, observations are shown to be consistent with the numerical model results presented in section 2. Section 4 contains an analytic solution for the evolving pressure at the shelf break, which is the juncture of two simple flow models: a geostrophic model for the deep ocean and a barotropic model with linear bottom friction on the shelf (termed the arrested topographic wave (ATW) by Csanady [1978] ). To address concerns raised in section 4, a slightly more complicated set of equations is solved numerically in section 5 to assess the role of advection of momentum. Concluding remarks are offered in section 6.
2.
Numerical Model Results
Reduced Gravity Model Results
A recent study by Pichevin and Nor [1997] demonstrates, with the use of an integrated momentum constraint, that a current configured like the Gulf of Mexico Loop Current cannot be maintained in steady state and must shed eddies. For mathematical simplification this study ignores the presence of the WFS. To examine the effects of a landmass in the place of the WFS, a reduced gravity numerical model identical to the one used by Pichevin and Nor[1997] It should be noted that if the wall representing the WFS is moved eastward, that is, if the longitudinal spacing between the source and wall is increased, eddy shedding is modified but not halted. Moving the wall eastward influences the angle at which the northern limb of the Loop Current impacts the WFS: the greater the distance between the inflow port and the WFS, the smaller the angle between the northern Loop Current limb and the wall and the weaker the northward flowing jet. Apparently, there is a critical value of the northward transport along the wall for which greater transport shuts down the eddy shedding process. One theory for explaining the initiation of eddy shedding is that as the thermocline in the center of the loop deepens, the westward drift due to the/3 effect increases and forces the loop to break away and to form an eddy. If the northward transport along the WFS wall is enough to prevent the thermocline in the center of the loop from deepening, no eddy will be formed. Thus both the presence and the magnitude of this northward jet in the reduced gravity model seem to fundamentally alter the dynamics and behavior of the modeled Loop Current, although it is not clear exactly how. 
Advanced Very High Resolution Radiometry Imagery
Satellite data confirm the presence of a northward flowing jet arising from the bifurcation of the Loop Current. Figure 6 shows two advanced very high-resolution radiometry (AVHRR) images taken February 1 and 3, 1997. Darker shades represent warmer water. In both images a filament of warm water can be seen to extend north from the Loop Current (the large pool of warm water in the south), along the shelf edge. Although it is difficult to ascertain flow directions from AVHRR images, it seems plausible that the filament must have originated from the Loop Current and extended to the north, since only the Loop Current water has such a high temperature. Thus the inferred flow direction of the warm water filament is to the north. Since warm water is typically associated with high dynamic pressure, the warm filament is also most likely associated with a high-pressure tongue (similar to that in Figure 2 from the GFDL model).
Analytical Model

Equations
The influence of a sloping shelf instead of a vertical wall on the shoreward side of a baroclinic jet can be illustrated by joining together two simple models. In the deep ocean a flat bottom, geostrophic flow model is the simplest representation of the dynamics. On the shelf a barotropic model is used, with linear bottom friction added, since bottom friction is found to be important to the shelf circulation over the timescales of interest [Hetland, 1999; Hetland et al., 1999] 
where R is the baroclinic radius of deformation. 
Arrested topographic wave (shelf). A general equation for •2 on the shelf may be found by substituting (4) and (5) into (6) results in the following equation referred to as
•(x, 0) = Z1 x > 0. Figure 3) . The low pressure on the shelf (i.e., negative Z•) is consistent with the Loop Current riding up onto the shelf south of the "stagnation point," the point at which the Loop Current impacts the shelf. According to the Bernoulli principle the stagnation point, where there is no velocity, corresponds to a high dynamic pressure (see Figure 3) . In the analytic model the stagnation point occurs at y -0. The increased current speed along the shelf south of the stagnation point, caused by a constriction of the Loop Current as it approaches the Straits of Florida, creates a low dynamic pressure, again, according to the Bernoulli principle (see Figures 2 and 3) . This phenomenon is discussed in more detail by Hetland [1999] . 4.2.5. Solution. Equation (8), with boundary conditions (12) and (13) in addition to finite sea level height conditions at the coast, may be solved using the Laplace transform method. Equation (8) (14) is the appearance in Figure 8 of broken contours at the shelf break. The cross-shelf derivative of pressure is not continuous; that is, there is a discontinuity in along-shore velocity across the topographic step. While the broken contour seems local and benign, it points to a fundamental deficiency of the linear model in that there must be a region that bridges the two simple flow models across the topographic step in which the change in water column height is allowed. The dynamics in such an intervening region may be highly nonlinear and quite intractable, although the along-shore velocity will be continuous across the step [Spitz and Nof, 1991] . Thus, strictly speaking, the shelf break condition (10) and subsequent results are valid only for a vanishingly small amount of flow across the shelf break.
Constant values are chosen for simplicity. For the WFS case, Z • ----Zo is a good approximation (see
Semigeostrophic Arrested Topographic Wave Numerical Model
To address the concerns brought up in the critique of the analytical model, a numerical model is used to solve an equation set, with nonlinear (and time-dependent) terms included in the along-shore equation. In this case, it is possible to resolve the slope region dynamics and to remove the discontinuity at the shelf break. The results can then be compared to evaluate the assumptions made in the analytical model.
The extended equation set used is
vt + U Vx + VVy + fu = -grly-rv/h, 
Dt h x'
To distinguish it from the other numerical models, the steady state solution of (16)-(18) will be referred to as the semigeostrophic arrested topographic wave (SGATW). In this case, the notation is identical to that used in section 4, except that here, r = r(x).
Equations ( Sea surface elevations at the shelf break, as calculated by the analytical and SGATW numerical models, are compared in Figure 12 . There is very good agreement between the analytical and numerical results away from the southern boundary; the sea level gradients are nearly identical. Again, near the southern boundary, there are differences due to the southward advection of vorticity on the shelf in the region where the reliability of the SGATW model is questionable.
A plot of the term balance for the SGATW numerical model (Figure 13) shows that the result is dynamically similar to that found with linear ATW theory. Over the continental slope, there is strong horizontal shear in the along-shore currents, causing a large negative relative vorticity in this region, which is balanced by bottom friction. This balance is identical to linear ATW theory. The large negative relative vorticity is associated with a weak onshore flow (see Figure 13 ) over the slope, while weak positive relative vorticity over the shelf is associated with offshore flow.
As the width of the slope approaches zero, which is the idealization of the analytical model, the relative vorticity will become infinite. This will allow onshore flow over the slope despite very large topographic gradients. In the limit of zero width, there is a discontinuity in the along-shore velocities, and a nonzero cross-shelf velocity at the shelf break. Thus the problem of discontinuous along-shore velocity in the analytical model is a natural limit of the more complicated problem in which a slope is included. It is hard to gauge the exact influence of realistic topography on eddy shedding dynamics. However, on the basis of a comparison between the GFDL and reduced gravity models, there is good reason to believe that the inclusion of some form of shelf topography fundamentally changes the nature of eddy shedding in the Gulf of Mexico. The return flow on the shelf may restore enough mass to the growing loop so that the Loop Current penetration is never halted. In this manner, the shelf may play an unanticipated role in the eddy shedding process. The transport onto the shelf from the deep ocean (the "leakage" of the deep ocean jet), which is estimated to be •1 Sv integrated along the length of the shelf break, may also play a significant role in the salt, heat, and nutrient budgets on the shelf.
Although this paper is concerned with a very particular case in a local region, the theory developed is sufficiently general that it could be applied to any region in which strong oceanic currents interact with a continental slope. Warm-core rings hitting the Mid-Atlantic Bight shelf and the Kuroshio intrusion into Luzon Strait are examples in which the timescales are long enough and the deep oceanic flow is energetic enough to create significant cross-slope exchange due to frictional processes on the shelf.
